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THEORY OF COLD-FORMED STEEL PURLIN/GIRT FLEXURE 
by 
Robert W_ Haussler* 
INTRODUCTION 
Cee and zee-section roof and wall members braced only at supports and by 
sheathing attached to the tension flange have considerably more strength than 
that indicated by free-beam theory but less than the strength of fully braced 
members. The theory of such elastically stabilized beams was expounded in 
Ref. 1 in 1964. At that time the experimental verification of the theory rested 
mainly on tests made in Europe using symmetric I-section beams. Also, in order 
to enable slide-rule computation many simplifications of the basic equation were 
made. Today with high speed electronic computation combined with the 
availability of numerous full-scale test results (Ref. 2, 3, and 4) and a 
standard method of measuring rotational restraint (Ref. 5, Sec. VII) a direct 
solution of the basic equation is attempted. Comparison of the results with the 
tests shows that further research is needed to incorporate a method of 
adjustment for the effect of distortion of the beam cross-section on the value 
of the effective moment of inertia for use in the theory and a method of 
simulating the vertical load in the small-scale test for K, see Ref. 5, 
Sec. VII. 
THEORY 
Figure 1 depicts the two types of cold-formed steel beams that are the 
subject being treated. At the top are shown a zee and a cee and the observed 
distortions resulting from flexural wind uplift loading. Eq. 19 of Ref. 1 is 
used as the criterion for determining P, the critical load in the compression 
flange of such a beam in flexure. This new approach takes advantage of the 
observations made in the full scale tests of Ref. 2, 3 and 4. A very important 
observation is that all of the tests, whether single span or triple span showed 
lateral buckling of the free compression flange of the beam with the failed span 
deflecting to one side or the other but not both sides within the same span. In 
other words, in the range of rotational resistance values, K, of current 
building practice there is not enough stiffness in the panel-to-beam connection 
and the beam web to force failure in a mode such that the lateral deflection 
changes from one side to the other in a region of high moment. Various buckling 
lengths were tried in Eq. 7 of Ref. 1 and the clear span between supports worked 
out well when the theory was compared with full scale test results so that value 
was used. 
This, along with the geometric and physical properties of any given case 
provides all of the information needed to obtain a value for every variable in 
the basic equation except P, the critical axial load in the compression flange. 
The details of the determination of each variable are outlined in the appendix. 
* Consulting Structural Engineer, Templeton, CA. 
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A simple method of evaluating P is by iteration. A computer program for 




The value of P is then divided by the gross area of the compression 
to obtain the critical stress at the centroid of the compression flange. 
ultimate bending moment of the beam is taken as this critical stress times 
of the undistorted effective moment of inertia (at yield) divided by the 
distance from the effective neutral axis to the centroid of the assumed 
compression flange. 
TESTS 
Comparison of theory and full scale zee-beam tests showed that the average 
test strength was approximately 85% of that obtained using the theory in 
conjunction with the effective moment of inertia of the undistorted section. 
This was interpreted to be the correction needed for shape distortion and was 
inserted in the program as an adjustment to the effective moment of inertia of 
both zee and cee-beams. A similar comparison for cee-beams indicated that 
further correction was needed. Review of the various forces on the cee in the 
prototype as simulated in the K-test revealed that the attached flange of a zee 
tends to rotate with a fulcrum at the web while the fulcrum for a cee tends to 
be at the lip. Referring to Figure 2, and noting that a beam tends to twist 
unless loaded at its shear center, the eccentricity of the shear center of a 
zee from the fulcrum equals the fillet radius, VRF, whereas for a cee this 
eccentricity is (M+.5*VBF+WCA) which averages about ten times as great. In the 
standard K-test, Ref. 5, Sec. VII, this torque should be included by perhaps 
adding a vertically upward load at the shear center of cee beam test 
specimens. The problem is to specify the ratio of the vertical load to the 
horizontal load so as to simulate a full scale test. The result would be a 
decrease in K due to a decrease in RJ with elimination of the need to adjust RJ 
in the computer program when figuring RK. Such an adjustment was inserted when 
a comparison of the full scale test results with the theory indicated that 
factors such'as this reduced the rigidity of that portion of parameter K 
associated with local deformation of the panel at the fastener to approximately 
50% of that measured in the K-test. This was inserted in the program as an 
adjustment to RJ, RK = .5*RJ. The ratio of test moment to calculated moment, 
VR1, is listed in Table 6. Correlation of the test moment and the moment 
calculated using the theory as adjusted is as follows: 
Member Spans Mean of test Standard Number of Number of 
moment/calculated deviation full scale K-tests 
tests 
zee loll 16% 15 8 
cee 1 1.09 9% 5 4 
zee 3 1.03 19% 14 5 
cee 3 .94 21% 5 0 
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Where the thickness of the beam in the full scale test did not match that 
of the K-test, the value of RJ, the local rigidity of the panel at the 
fastener, was taken from a K-test of a similar flange width, beam depth and as 
close as possible to the same thickness, and having the identical panel. Where 
no such K-test was available, RK was taken from a similar beam and adjusted in 
proportion to the product of the panel specified yield strength and the square 
of the panel base metal thickness. This formula was derived from the 
17 K-tests of Table 1 plus two which the author made using a hot-rolled beam 
(to eliminate the flexibility of the beam) and two widely differing thicknesses 
of panel. Details of the breakdown of flexibilities between the beam web, the 
beam flange, and the panel are given in Appendix item 7. 
FASTENERS 
The full scale tests brought to light a failure mode that may be more 
prevalent in the field than previously considered, and in fact may rival in 
importance beam buckling. Early in the test program of Ref. 4 it was found 
necessary to change the panel material from 26 gage to 24 gage and to use 
80 ksi yield strength. Later in the program of testing, test 10 had to be 
repeated because of over the head failure at the fasteners. It was repeated as 
lOR (herein called #37) with a double thickness of panels. This test and the 
following one, #38, which also had double panel thickness were cee-beams. It 
is apparent from this that further tests and research are needed in this regard 
to establish a method of computing the prying load. For the present it appears 
to be about equal to the direct tension (uplift wind load times tributary area) 
and is added to the direct tension. 
SIMPLISTIC APPROACH 
In Reference 4, a review of the test results indicated that the range of 
beam sizes that were tested full scale is sufficiently narrow that average 
ratios of test moment to effective moment calculated in accordance with Ref. 5, 
Part I are now included in a proposed change to the AISI Specification. When 
these are approved it will greatly simplify the computations. Following is a 
table that shows the degree of scatter encountered in the use of this 
simplistic approach: Note: Where identical tests were made the average was 
used. 
Member Spans Mean of test Standard Number of Number of 
moment/effective deviation full scale K-tests 
tests 
zee 1 .51 11% 15 8 
cee 1 .48 30% 5 4 
zee 3 .70 7% 14 5 
cee 3 .63 10% 5 0 
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The reason for using the average of each group of identical tests is that 
the table is intended to show the scatter resulting from the use of beams from 
various sources and with a variety of sizes and thicknesses. From references 3 
and 4 it can be seen that identical full scale tests produce nearly the same 
failure load. A tabulation of the effective ultimate moment, TIME, and the 
ratio of the test moment at failure to TIME, designated as TMC may be found in 
Table 6. However, because the proposed simplistic approach applies to a 
specific narrow range of cases which include the product of only three of the 
many manufacturers and roll forming companies producing these shapes, it is 
important that they be supplemented by this theory based on the mathematical 
principles of beam buckling. 
CONCLUSIONS 
Comparison of the theory with the test results has provided a valuable 
insight regarding the magnitude of the effects of distortion of the 
cross-section of the beam and local bending of the panel at the fastener as 
well as giving a method of evaluating the inherent scatter of results. 
The importance of the K-test of Ref. 5, Sec. VII cannot be overemphasized 
when the beam dimensions, yield strength, panel properties or fasteners do not 
fall within the limits of the full scale tests. For all such cases the theory 
in combination with the K-tests should give the best available estimate of beam 
strength and fastener integrity short of full scale testing. 
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APPENDIX I - EQUATIONS FROM REFERENCE 1 
C1 • Et Cw • • • • • • • • • • • • • • • • •• (la) 
C = Gt J •••••.••••••••.•.. (te) 
Pl a l 2 (3 II + 2 a l ) (I • v2) 
01 = 6 E I •••••••••• (5a) 
2 
9 ~ ~ ••••••••••••••••••. (7) 
Ib 
6 (II + 2al ) E I 
(21 + ) 3 ( 2)' ....•..•••. (11) I a, at I· v 
••.••.....•.••..• (29) 
Et 
Gt = ~ ••••••••••••••••• (89) 
Gt,n 3 
C = '3 Ll bn tn •••••••••••.•.. (95) 
Notes on the source of variables for the basic buckling formula, Eq. 19, 
Ref. 1 
1. The N-axis of Fig.1Ca), Ref. 1 is taken at the intersection of the 
mid-thickness lines of the flange and web. This simplifies coordination 
with Ref. 5, Part VII, K-Test. See also Figure 1 herein. 
2. Theta, VTH, is taken from Eq. 7 of Ref. 1 as pi squared divided by the 
actual length of the beam squared. 
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3. The compression flange is taken as the gross area of that portion of the 
beam in the top 1/6 of the beam. However, after the critlcal stress is 
determined, the ultimate moment of the beam is taken as the effective 
moment of inertia (at yield using Ref. 5, Part I) divided by the distance 
from the effective neutral axis to the centroid of the assumed compression 
flange. 
4. The torsion constants, VC1 & VCW are calculated using the gross 
compression flange and E instead of the tangent modulus and are based on 
Eqs. la, 1c, 89 and 95 of Ref. 1. 
5. The tangent modulus of elasticity, VET, is obtained by combining Eqs. c4-3 
and C4.1-1 of Ref. 5 Part I, setting Fn=VP/A and combining with Eq. 29 of 
Ref. 1 to eliminate KL/r. 
6. The various moments of inertia for the compression flange are based on the 
centroid of the assumed flange except the polar moment of inertia, VIO, 
which is about the shear center. 
7. The spring constants VB1, VB2 and VB4 (Eqs. 11, 12 & 13 of Ref. 1) are 
calculated from the experimentally determined value of VK from Ref. 5, 
Part VII if available. From the reciprocal of VK the flexibilities of the 
beam web and attached flange are subtracted, leaving the flexibility of 
the panel in the immediate vicinity of the fastener, l/RJ. The 
flexibility of the attached flange of a cee beam turns out to be 4 times 
that of a zee because the panel contact is at the lip rather than at the 
web. 
If the value of VK is not available from direct measurement, it is 
calculated from the panel rigidity at the panel fastener, RJ, if this is 
known from other K-tests. If VK and RJ are both undetermined, a formula 
for calculating RJ based on the panel thickness, PTL, and panel specified 
yield strength, PY, is used. RJ=RJY*PTL**2*PY/.02 
RJY is taken from similar tests or assumed conservatively as = .125 
Caution: This formula should only be used for minor variations of panel 
properties within the scope of beam sizes and panel parameters 
of the full scale tests listed in the References. 
Regardless of the source of RJ, the full scale tests indicate that RJ 
should be reduced for cee beams, see "fasteners" above. RK=RJ for zee, or 
RK=.5*RJ for cee beams. 
Replacing the variable VL1 in Eqs. 11, 12 & 13 with the combined 
flexibilities of the thus augmented panel connection (first term) and the 
attached flange (second term): 
VL1=E*TL**3/(6.*VPR1*WCA**2*RK)+KIB*VBF/6. 
where VPR1 is one minus the square of Poisson's ratio. 
8. Having evaluated all of the variables of Eq. 19, Ref. 1 except P, an 
iterative solution is used for evaluating P. P is named VP in the 




C All units are kips and inches unless otherwise noted 
C Insert FYC= specified yield strength of beam 












Insert VBF=Width of flange between intersections of tangents 
of mid-thickness lines. 
Insert WCA= half the width of the flat of the beam flange 
Insert TL= thickness of beam 
Insert AD= depth of beam 
C Insert KIB= 2 for zee or 8 for cee 
VPUR=VPR1'(KIB'VBF+4.'VAD)/(E'TL"3) 
VK=O. 
e Insert PTL= panel thickness 
C Insert PY= panel specified yiel d strength 
RJY=.125 
Insert RJY if known 
R J = R J Y , P-TL ' , 2 ' P Y / • 02 
e Insert value of RJ if known 
e Insert value of VK if known 
IF(VK.GT.O.) RJ=1./(WeA"2'(1./(VK'VAD"2)-VPUR» 
IF(RJ.LT .. Ol) RJ=.Ol 
VK=1./(VAD"2'(1./(WCA"2'RJ)+VPUR» 
e The following are with respect to the centroidal 
C axis of the assumed compression flange, which 
C includes the gross area of the elements in the top 1/6 of the 
e beam: 
C Insert VYO= Y coordinate of shear center 
C Insert VXO= X coordinate of shear center 
C Insert VCW= torsion warping constant 
e Insert AC= area of assumed compression flange 
e Insert VIY= moment of inertia about Y-axis 
C Insert VIX= moment of inertia about X-axis 
e Insert VXY= product of inertia 
C Insert VHX= abscissa of mid-thickness of web 
C Insert VHY= ordinate of mid-thickness of top flange 
C The following is about the shear center of the 
e assumed compression flange: 














C ITERATION FOR P IN EQUATION 19 
100 LV-LV+1 
VET-E 
























IF(ABS(VPP-VP).LT •. 01) GO TO 200 
IF(LV.GT .20) GO TO 200 
VP=.S'(VP+VPP) 
VPP=VP 
GO TO 100 
200 CONTINUE 
C The following are for the entire beam: 
C Insert EFI= effective moment of inertia 
C Insert UME= effective ultimate moment, ft. kips 
C Insert VCC= distance from the effective neutral axis to the 




C UMC= Ultimate moment, fLkips 
C Insert print instructions 
END 























































area of compression flange; 
= constant defined in Eqs. ii, 12, and 13; 
= torsional rigidity of compression flange (C = Gt J); 
= warping constant; 
= warping rigidity of compression flange about Its shear axis (Cl 
= Et Cw); 
= tangent modulus of elasticity; 
= tangent modulus of rigidity; 
x coordinate of N; 
y coordinate of N; 
= moment of inertia of a unit length of the web about a neutral axis 
parallel to the z-axis ~ = h) ; 
;:: polar moment of interia of compression flange about the shear 
center of the compression flange; 
moment of interia of compression flange about x-axis; 
moment of interia of compression flange about y-axis; 
product of Interia of compression flange about C; 
::;:: torsion constant; 
= critical buckling length of compression flange; 
= width of the tension flange of a standing seam panel: 
an axis parallel to the tension flange in the plane of the web at 
which the horizontal component of elastic restraint of the com-
pression flange is assumed to act; 
:;:: the shear center; 
critical total compression stress in compression flange; 
= concentrated load on a strip of unit length laid flat; 
::;:: web thickness; 
:;::: x coordinate of the shear center; 
::;:: y coordinate of the shear center; 
a quantity dependent on I b according to the 
Poisson' 5 ratio for the web material; 
2 
relation (1 :;:: ~ ; 
Ib 
Panel rigidity at fastener, kips/in./in. 
Individual terms of Equation 19. 
Rotational restraint from Ref. 5, Part VII, 
kips/in./in. 
Failure load in full scale test, Ibs./ft. 
Ratio of test moment to effective moment. 
Ratio of test moment to calculated moment. 
For definition of other variables studied, see computer program. 
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SINGLE SPAN Z-PURLIN TESTS TABLE 1 
VK RJ PTL PY RJY DEPTH WIDTH LIP THICK ANGLE FY REF 
40 .00128 .127 .02GO 50.0 .075 8.06X 2.65X .85X.0620 50.0 56.9 2 
41 .00157 .156 .0260 50.0 .092 8.00X 2. 82X1. 04X. 0730 41. 0 64.7 2 
42 .00178 .132 .0260 50.0 .078 8.00X 2. 85X1.11X .1060 43.0 64.0 2 
43 .00215 .167 .0260 50.0 .099 7.93X 2. 72X1.11X .1170 35.5 65.9 2 
44 .00097 .141 .0260 50.0 .083 9.45X 2.64X .82X.0650 42.0 57.3 2 
45 .00162 .151 .0260 50.0 .089 9.58X 2.85X .84X.1070 40.8 52.9 2 
46 .00167 .338 .0182 111. 9 .184 9.54X 2.77X . 83X. 0710 90.0 64.5 3 
47 .00332 .434 .0182 111.9 .236 9.50X 2.84X .81X.1060 90.0 64.5 3 
SINGLE SPAN C-PURLI N TESTS 
VK RJ PTL PY RJY DEPTH WIDTH LIP THICK ANGLE FY REF 
48 .00280 .371 .0260 50.0 .219 7.00X 2.62X .84X.0750 90.0 55.0 2 
49 .00156 .283 .0260 50.0 .168 9.00X 2.62X .83X.0770 90.0 55.3 2 
50 .00146 .391 .0182 111. 9 .212 9.53X 2.78X .81X.0710 90.0 64.5 3 
51 .00278 .409 .0182 111. 9 .222 9.53X 2.81X .81X.1060 90.0 64.5 3 
CONTI NUOUS Z-PURLIN TESTS 
VK RJ PTL PY RJY DEPTH WIDTH LIP THICK ANGLE FY REF 
52 .00130 .149 .0200 80.0 .093 9.50X 2.88X .88X.0704 43.0 63.1 
53 .00204 .164 .0240 80.0 .071 9.50X 2.97X1.00X.1015 46.0 58.1 
54 .00177 .185 .0200 80.0 .115 6.44X 2.06X .75X.0596 49.0 56.1 
55 .00190 .259 .0240 80.0 .112 10.00X 2.75X1.00X.0833 50.0 61. 5 
56 .00110 .113 .0200 50.0 .113 8.50X 2.53X . 72X. 0613 48.0 58.5 
267 
TABLE 2 SINGLE SPAN Z-PURLI N TESTS 
DEPTH WIDTH LIP THICK ANGLE FY RAD-W RAD-L SPAN FAIL REF 
8.00X 2.78X .80 Z .0590 35.8 66.0 .578 .490 20.0 .00115 90.7 2 1 
7.92X 2.53X .80 Z .0600 40.0 61. 5 .300 .392 20.0 .00124 83.0 2 2 
8.06X 2.65X .85 Z .0630 50.0 56.9 .279 .477 20.0 .00130 96.2 2 3 
7.97X 2.76X1.05 Z .0700 40.0 64.6 .527 .715 20.0 .00150 118.3 2 4 
8.00X 2.82X1.04 Z .0750 41. 0 64.7 .551 .738 20.0 .00161 137.9 2 5 
8.03X 2.82Xl.04 Z .0880 40.5 63.8 .461 .762 20.0 .00164 165.8 2 6 
8.00X 2.83X1.10 Z .0890 43.0 64.0 .498 .688 20.0 .00165 162.7 2 7 
7.94X 2.85X1.15 Z .1140 47.6 56.1 .309 .746 20.0 .00253 214.5 2 8 
7.93X 2.71X1.10 Z .1150 35.5 65.9 .445 .805 20.0 .00214 184.0 2 9 
9.63X 2.91X1.18 Z .0620 45.8 57.4 .402 .656 20.0 .00092 119.0 2 10 
9.45X 2.64X .82 Z .0630 42.0 57.3 .326 .512 20.0 .00093 114.0 2 11 
9.58X 2.85X .84 Z .1060 40.8 52.9 .367 .523 20.0 .00161 266.7 2 12 
9.49X 2.76X1.19 Z .1090 40.0 57.6 .340 .680 20.0 .00151 218.0 2 13 
9.54X 2.77X .83 Z .0710 90.0 64.5 .313 .313 20.0 .00167 126.7 3 14 
9.50X 2.84X .81 Z .1060 90.0 64.5 .313 .313 20.0 .00332 239.3 3 15 
SINGLE SPAN C-PURLIN TESTS 
DEPTH WIDTH LIP THICK ANGLE FY RAD-W RAD-L SPAN FAIL REF # 
7.00X 2.62X .134 C .0750 90.0 55.0 .406 .406 20.0 .00280 127.3 2 16 
9.00X 2.53X .84 C .0750 90.0 55.3 .306 .320 20.0 .00145 117.2 2 17 
9.00X 2.62X .83 C .0770 90.0 55.3 .318 .328 20.0 .00156 103.2 2 18 
9.53X 2.78X .81 C .0710 90.0 64.5 .313 .313 20.0 .00146 102.1 3 19 
9.53X 2.81X .81 C .1060 90.0 64.5 .313 .313 20.0 .00278 204.0 3 20 
CONTINUOUS Z-PURLIN TESTS 
DEPTH WIDTH LIP THICK ANGLE FY RAD-W RAD-L SPAN K FAIL REF # 
9.50X 2.88X .88 Z .0704 43.0 63.1 .172 .525 30.0 .00130 138.0 4 21 
9.50X 2. 97Xl. 00 Z .1013 46.0 58.1 .172 .625 30.0 .00203 234.0 4 22 
9.50X 2.88X .91 Z .0696 45.0 61. 6 .172 .625 30.0 .00153 136.0 4 23 
9.50X 2.88X .97 Z .1002 46.0 58.2 .172 .625 30.0 .00190 218.0 4 24 
9.50X 2.88X .81 Z .0696 47.0 61. 3 .172 .625 20.0 .00152 280.0 4 25 
6.44X 2.13X .69 Z .0587 52.0 55.2 .203 .625 20.0 .00178 109.0 4 26 
6.50X 1. 91X .56 Z .0613 51. 0 57.4 .234 .563 20.0 .00146 124.0 4 27 
6.44X 2.06X .75 Z .0600 49.0 56.1 .115 .625 20.0 .00177 121. a 4 28 
6.44X 2.00X .72 Z .0590 50.0 55.8 .188 .625 20.0 .00164 119.0 4 29 
8.50X 2.00X .78 Z .0847 50.0 60.2 .220 .250 24.0 .00167 181. 0 4 30 
8.50X 2.00X .78 Z .0845 50.0 57.8 .220 .250 24.0 .00167 193.0 4 31 
10.00X 2. 75X1. 00 Z .0833 50.0 61. 5 .220 .250 24.0 .00190 286.0 4 32 
8.50X 2.53X .72 Z .0613 48.0 58.5 .172 .250 24.0 .00110 134.0 4 33 
9.50X 2.94X .88 Z .0660 48.0 63.9 .141 .625 20.0 .00154 241. 0 4 34 
CONTINUOUS C-PURLIN TESTS 
DEPTH WIDTH LIP THICK ANGLE FY RAD-W RAD-L SPAN K FAIL REF # 
9.00X 2 .16Xl. 09 C .0607 87.0 56.5 .125 .125 24.0 .00128 128.0 4 35 
7.00X 2.50X .66 C .0598 85.0 54.6 .219 .172 24.0 .00234 98.0 4 36 
8.44X 2.63X .91 C .0897 90.0 58.3 .375 .313 24.0 .00337 217.0 4 37 
8.50X 2.47X .94 C .0561 88.0 65.3 .375 .313 20.0 .00123 156.0 4 38 
8.50X 2.69X .94 C .0903 90.0 58.3 .375 .313 30.0 .00241 135.0 4 39 
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SINGLE SPAN Z-PURLIN TESTS TABLE 3 
VVO VXO VCW AC VIV VIX VXV VHX VHV VIO 
1 .546 1. 461 .0361 .271 .346 .0340 .0708 1.346 .240 1.511 
2 .563 1.349 .0282 .267 .299 .0336 .0954 1.194 .242 1.322 3 .604 1. 270 .0338 .291 .347 .0382 .1752 1. 243 .254 1. 484 
4 .607 1. 278 .0381 .337 .471 .0418 .2408 1. 428 .261 2.022 
5 .607 1. 289 .0432 .364 .519 .0454 .2642 1. 4 51 .260 2.216 
6 .605 1. 309 .0497 .429 .613 .0536 .3117 1. 432 .257 2.633 
7 .627 1.183 .0500 .438 .640 .0553 .3861 1. 468 .267 2.717 
8 .645 1. 001 .0618 .571 .843 .0730 .6260 1. 453 .270 3.564 
9 .592 1.313 .0555 .552 .774 .0661 .3689 1. 417 .255 3.366 
10 .766 1. 368. .0670 .336 .541 .0642 .3223 1. 448 .330 2.357 
11 .678 1. 447 .0546 .303 .365 .0575 .0779 1.182 .304 1.668 
12 .671 1. 536 .1082 .528 .710 .1005 .1373 1.273 .299 3.211 
13 .736 1. 396 .0957 .570 .854 .1040 .4425 1. 378 .322 3.815 
14 .766 1.227 .0704 .339 .364 .0678 .1833 1.126 .332 1. 344 
15 .746 1. 260 .1021 .504 .544 .0986 .2519 1.132 .324 2.030 
SINGLE SPAN C-PURLIN TESTS 
VVO VXO VCW AC VIV VIX VXV VHX VHV VIO 
16 .604 .758 .0265 .310 .284 .0328 .2138 1.159 .249 1. 006 
17 .754 1.072 .0520 .334 .300 .0599 .1744 1. 033 .327 1.107 
18 .739 1.120 .0567 .348 .332 .0618 .1838 1.070 .319 1.223 
19 .758 1. 245 .0698 .339 .363 .0674 .1742 1.124 .329 1. 348 
20 .751 1. 250 .1007 .501 .531 .0991 .2447 1.117 .327 1. 984 
CONTINUOUS Z-PURLIN TESTS 
VVO VXO VCW .AC VIV VIX VXV VHX VHY VIO 
21 .670 1.532 .0682 .362 .513 .0673 .1559 1. 288 .292 2.316 
22 .700 1. 484 .1034 .539 .826 .0983 .3828 1. 368 .299 3.642 
23 .683 1.505 .0677 .360 .514 .0669 .1876 1. 297 .296-2.300 
24 .700 1. 462 .0957 .520 .749 .0959 .3279 1.311 .302 3.326 
25 .669 1.511 .0664 .353 .480 .0663 .1416 1.254 .292 2.155 
26 .489 .992 .0092 .216 .163 .0180 .0880 .982 .208 .698 
27 .478 .982 .0082 .205 .120 .0181 .0399 .832 .213 .533 
28 .496 .941 .0087 .223 .169 .0187 .1022 .974 .211 .736 
29 .500 .939 .0082 .212 .149 .0180 .0858 .938 .215 .649 
30 .668 1;070 .0307 .337 .245 .0538 .0959 .883 .306 1.126 
31 .668 1. 070 .0306 .336 .245 .0537 .0957 .883 .306 1.124 
32 .771 1. 397 .0928 .433 .587 .0920 .2848 1. 255 .336 2.597 
33 .602 1. 331 .0343 .276 .292 .0419 .0857 1.107 .262 1.298 
34 .679 1.511 .0661 .344 .498 .0639 .1881 1. 305 .293 2.210 
CONTINUOUS C-PURLIN TESTS 
VYO VXO VCW AC VIY VIX VXY VHX VHY VIO 
35 .878 .666 .0389 .275 .210 .0534 .2033 .958 .371 .787 
36 .530 1. 049 .0208 .242 .212 .0245 .1146 1.077 .216 .767 
37 .727 .959 .0583 .400 .385 .0625 .2634 1.123 .307 1.369 
38 .762 .878 .0352 .249 .225 .0405 .1700 1.084 .323 .813 
39 .737 .945 .0641 .412 .417 .0654 .2950 1.160 .309 1.475 
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SINGLE SPAN Z-PURLIN TESTS TABLE 4 
V(1) V (2) VO) V(4) V(5) V(6) V (7) V(8) V(9) V (10) V (11) 
1 .0000 .0000 .0006 .0080 .0031 .0026 .0006 .0207 .2294 .0003 .0014 
2 .0000 .0000 .0006 .0074 .0027 .0021 .0007 .0233 .2437 .0003 .0015 
3 .0000 .0000 .0007 .0082 .0026 .0025 .0009 .0281 .2762 .0003 .0016 
4 .0000 .0000 .0011 .0113 .0031 .0039 .0011 .0375 .3770 .0004 .0019 
5 .0000 .0000 .0013 .0124 .0034 .0043 .0013 .0448 .4582 .0004 .0020 
6 .0000 .0000 .0022 .0134 .0037 .0045 .0018 .0679 .7223 .0005 .0022 
7 .0000 .0000 .0022 .0137 .0031 .0048 .0020 .0731 .7489 .0006 .0022 
8 .0000 .0000 .0048 .0205 .0033 .0069 .0044 .15881. 5740 .0007 .0033 
9 .0000 .0000 .0047 .0174 .0049 .0057 .0035 .14461.6106 .0007 .0029 
10 .0000 .0000 .0008 .0100 .0027 .0030 .0009 .0248 .2254 .0005 .0014 
11 .0000 .0000 .0008 .0071 .0027 .0018 .0007 .0226 .2385 .0003 .0013 
12 .0000 .0000 .0038 .0142 .0055 .0038 .0021 .08881.0565 .0006 .0023 
13 .0000 .0000 .0044 .0158 .0046 .0045 .0028 .10781.1530 .0007 .0024 
14 .0000 .0000 .0011 .0083 .0032 .0027 .0015 .0399 .3490 .0003 .0021 
15 .0000 .0000 .0037 .0158 .0062 .0050 .0035 .11341.1064 .0004 .0039 
SINGLE SPAN C-PURLIN TESTS 
V (1) V(2) VO) V (4) V(5) V(6) V (7) V(8) V(9) V (10) V (11) 
16 .0000 .0000 .0011 .0067 .0012 .0028 .0018 .0578 .5167 .0002 .0021 
17 .0000 .0000 .0012 .0043 .0015 .0014 .0013 .0423 .4029 .0003 .0013 
18 .0000 .0000 .0013 .0049 .0018 .0016 .0013 .0450 .4360 .0003 .0014 
19 .0000 .0000 .0011 .0060 .0023 .0019 .0011 .0351 .3334 .0003 .0015 
20 .0000 .0000 .0036 .0093 .0037 .0029 .0028 .10271. 0638 .0005 .0023 
CONTINUOUS Z-PURLIN TESTS 
V(1) V(2) V(3) V(4) V(5) V(6) V(7) V(8) V(9) V (10) V (11) 
21 .0000 .0000 .0005 .0087 .0032 .0022 .0009 .0318 .3319 .0000 .0014 
22 .0000 .0000 .0016 .0141 .0046 .0039 .0024 .0886 .9435 .0000 .0021 
23 .0000 .0000 .0005 .0098 .0035 .0026 .0011 .0333 .3282 .0000 .0015 
24 .0000 .0000 .0015 .0126 .0042 .0034 .0023 .0846 .9101 .0000 .0020 
25 .0000 .0000 .0011 .0120 .0045 .0031 .0010 .0323 .3273 .0004 .0020 
26 .0000 .0000 .0005 .0059 .0018 .0017 .0008 .0277 .2758 .0000 .0018 
27 .0000 .0000 .0005 .0041 .0015 .0011 .0007 .0278 .3059 .0000 .0016 
28 .0000 .0000 .0005 .0060 .0016 .0017 .0009 .0297 .2938 .0000 .0018 
29 .0000 .0000 .0005 .0052 .0015 .0015 .0008 .0281 .2788 .0000 .0017 
30 .0000 .0000 .0011 .0061 .0021 .0014 .0016 .0585 .6164 .0000 .0018 
31 .0000 .0000 .0011 .0061 .0021 .0014 .0016 .0581 .6122 .0000 .0018 
32 .0000 .0000 .0014 .0130 .0042 .0034 .0018 .0551 .5242 .0002 .0022 
33 .0000 .0000 .0005 .0058 .0022 .0015 .0007 .0230 .2427 .0001 .0012 
34 .0000 .0000 .0000 .0127 .0045 .0034 .0010 .0300 .2867 .0004 .0020 
CONTINUOUS C-PURLIN TESTS 
V(l) V(2) V(3) V(4) V(5) V(6) V (7) V(8) V(9) V (10) V (11) 
35 .0000 .0000 .0005 .0034 .0005 .0011 .0013 .0306 .2252 .0000 .0012 
36 .0000 .0000 .0004 .0057 .0020 .0021 .0000 .0294 .2749 .0000 .0018 
37 .0000 .0000 .0015 .0084 .0023 .0031 .0027 .0834 .7433 .0000 .0025 
38 .0000 .0000 .0005 .0043 .0010 .0015 .0000 .0241 .1901 .0002 .0013 
39 .0000 .0000 .0000 .0056 .0014 .0021 .0025 .0807 .7370 .0000 .0016 
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SINGLE SPAN Z-PURLIN TESTS TABLE 5 
V(12) V(13) V(14 ) V(15) V(16) V (17) V(18) V(19) V(2D) V(21 ) 
1 .0062 .0000 .0008 .0019 .0339 .2438 .0050 .0350 .0012 .0012 
2 .0067 .0000 .0008 .0021 .0364 .2616 .0054 .0377 .0014 .0014 
3 .0072 .0000 .0000 .0025 .0402 .2980 .0059 .0418 .0017 .0017 
4 .0093 .0000 .0011 .0032 .0541 .4046 .0078 .0561 .0032 .0032 
5 .0107 .0000 .0012 .0037 .0646 .4923 .0091 .0670 .0045 .0045 
6 .0149 .0000 .0013 .0052 .0977 .7800 .0132 .1015 .0103 .0103 
7 .0154 .0000 .0014 .0055 .1014 .8109 .0137 .1055 .0111 .0111 
8 .0309-.0002 .0021 .0116 .21131.7179 .0283 .2205 .0486 .0486 
9 .0307 .0000 .0017 .0104 .21461.7452 .0286 .2233 .0498 .0498 
10 .0045 .0000 .0011 .0020 .0285 .2416 .0036 .0293 .0009 .0009 
11 .0048 .0000 .0009 .0018 .0302 .2564 .0038 .0312 .0000 .0000 
12 .0151 .0000 .0016 .0056 .11941.1388 .0134 .1235 .0153 .0153 
13 .0162 .0000 .0017 .0067 .13021.2523 .0146 .1352 .0183 .0183 
14 .0077 .0000 .0016 .0033 .0459 .3837 .0059 .0476 .0023 .0023 
15 .0197 .0000 .0029 .0083 .13461. 2125 .0162 .1400 .0196 .0196 
SINGLE SPAN C-PURLIN TESTS 
# V (12) V (13) V (14) V(15) V(16) V (17) V (18) V(19) V(20) V (21) 
16 .0146 .0000 .0013 .0052 .0813 .5692 .0127 .0851 .0072 .0072 
17 .0071 .0000 .0000 .0030 .0496 .4436 .0060 .0516 .0027 .0027 
18 .0076 .0000 .0010 .0032 .0536 .4790 .0065 .0558 .0031 .0031 
19 .0061 .0000 .0011 .0026 .0409 .3651 .0049 .0424 .0018 .0018 
20 .0155 .0000 .0018 .0066 .12131.1644 .0137 .1261 .0159 .0159 
CONTINUOUS Z-PURLIN TESTS 
V(12) V(13) V (14) V (15) V(16) V (17) V(18) V(19) V(20) V(21) 
21 .0066 .0000 .0009 .0025 .0420 .3574 .0053 .0436 .0019 .0019 
22 .0150 .0000 .0015 .0060 .11041.0227 .0129 .1150 .0132 .0132 
23 .0072 .0000 .0011 .0028 .0430 .3542 .0056 .0447 .0020 .0020 
24 .0143 .0000 .0014 .0057 .1062 .9867 .0124 .1105 .0122 .0122 
25 .0071 .0000 .0013 .0027 .0428 .3511 .0056 .0442 .0020 .0020 
26 .0106 .0000 .0009 .0030 .0493 .2990 .0088 .0514 .0026 .0026 
27 .0105 .0000 .0007 .0028 .0525 .3313 .0090 .0545 .0030 .0030 
28 .0110 .0000 .0009 .0031 .0521 .3188 .0093 .0543 .0030 .0030 
29 .0104 .0000 .0009 .0029 .0493 .3030 .0087 .0514 .0026 .0026 
30 .0122 .0000 .0012 .0044 .0807 .6721 .0105 .0839 .0070 .0070 
31 .0122 .0000 .0012 .0044 .0801 .6675 .0104 .0833 .0069 .0069 
32 .0095 .0000 .0017 .0042 .0633 .5703 .0076 .0658 .0043 .0043 
33 .0058 .0000 .0007 .0020 .0339 .2617 .0047 .0351 .0012 .0012 
34 .0068 .0000 .0013 .0026 .0388 .3072 .0052 .0401 .0016 .0016 
CONTINUOUS C-PURLIN TESTS 
V (12) V (13) V(14) V(15) V(16) V (17) V(18) V (19) V(20) V(21) 
35 .0051 .0000 .0010 .0026 .0302 .2536 .0040 .0317 .0010 .0010 
36 .0099 .0000 .0000 .0031 .0469 .2999 .0080 .0490 .0024 .0024 
37 .0156 .0000 .0018 .0065 .0992 .8216 .0132 .1040 .0108 .0108 
38 .0050 .0000 .0000 .0022 .0274 .2109 .0039 .0286 .0008 .0008 
39 .0135 .0000 .0012 .0058 .0942 .8148 .0120 .0988 .0098 .0098 
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SINGLE SPAN Z-PURLIN TESTS TABLE 6 
WCA PTL PV RJV RJ vec EFI UME UMC TMC VR1 
1 .981 .0260 50.0 .075 .127 4.06 7.29 9.26 3.93 .490 1.154 
2 1. 005 .0260 50.0 .075 .127 4.02 7.05 8.42 4.08 .493 1. 018 
3 1. 030 .0260 50.0 .075 .127 3.98 8.21 9.13 4.69 .527 1. 025 
4 .938 .0260 50.0 .092 .156 3.92 9.20 11. 73 5.44 .504 1. 089 
5 .946 .0260 50.0 .092 .156 3.91 10.13 12.99 6.00 .531 1.150 
6 .977 .0260 50.0 .078 .132 3.85 12.36 15.82 6.75 .524 1. 229 
7 .969 .0260 50.0 .078 .132 3.76 12.76 16.70 7.08 .487 1.148 
8 1.026 .0260 50.0 .099 .167 3.64 16.65 19.61 10.86 .547 .988 
9 .930 .0260 50.0 .099 .167 3.65 16.21 22.45 9.47 .410 .972 
10 1. 070 .0260 50.0 .083 .140 4.79 13.35 12.42 4.89 .479 1. 216 
11 1. 015 .0260 50.0 .083 .140 4.81 11. 41 10.59 4.19 .538 1. 359 
12 1.071 .0260 50.0 .089 .150 4.53 22.48 20.30 9.06 .657 1.472 
13 1. 010 .0260 50.0 .089 .150 4.37 24.16 24.44 9.46 .446 1.152 
14 1.001 .0182 111. 9 .184 .338 4.72 13.33 14.09 7.22 .450 .877 
15 1.001 .0182 111. 9 .236 .434 4.46 21. 00 23.32 15.16 .513 .789 
SINGLE SPAN C-PURLIN TESTS 
WCA PTL PV RJV RJ vce EFI LIME UMC TMC VR1 
16 .828 .0260 50.0 .219 .371 3.29 6.84 8.75 5.75 .727 1.107 
17 .875 .0260 50.0 .168 .284 4.22 12.46 12.51 4.76 .469 1.230 
18 .910 .0260 50.0 .168 .283 4.26 12.86 12.83 5.04 .402 1. 024 
19 1.006 .0182 111.9 .212 .391 4.72 13.25 14.00 5.17 .365 .988 
20 .986 .0182 111. 9 .222 .409 4.46 21. 09 23.39 9.12 .436 1.118 
CONTINUOUS Z-PLIRLIN TESTS 
WCA PTL PV RJV RJ VCC EFI UME UMe TMC VR1 
21 1.179 .0200 80.0 .093 .149 4.95 13.34 13.30 9.39 .747 1. 058 
22 1.194 .0240 80.0 .071 .164 4.59 21. 76 21. 35 17.13 .789 .984 
23 1.173 .0240 80.0 .093 .214 4.92 13.35 13.05 10.80 .750 .906 
24 1.148 .0240 80.0 .071 .164 4.56 21.18 20.90 16.37 .751 .959 
25 1.166 .0240 80.0 .093 .214 4.93 13.08 12.70 6.10 .706 1. 469 
26 .765 .0200 80.0 .115 .184 3.14 3.91 5.32 4.32 .655 .807 
27 .657 .0200 80.0 .115 .184 3.11 3.92 5.60 3.99 .709 .994 
28 .788 .0200 80.0 .104 .167 3.14 4.05 5.60 4.35 .692 .890 
29 .717 .0200 80.0 .115 .184 3.09 3.93 5.47 4.23 .696 .901 
30 .770 .0240 80.0 .112 .258 3.90 11. 60 13.69 9.65 .609 .865 
31 .770 .0240 80.0 .112 .258 3.90 11. 57 13.11 9.59 .678 .927 
32 1.146 .0240 80.0 .112 .259 4.85 19.15 18.76 11. 75 .702 1.122 
33 1.080 .0200 50.0 .113 .113 4.37 8.30 8.67 5.03 .713 1. 228 
34 1. 212 .0240 80.0 .112 .258 5.07 12.29 12.13 5.77 .636 1. 338 
CONTINUOUS C-PURLIN TESTS 
WCA PTL PV RJV RJ VCC EFI UME UMC TMC VR1 
35 .897 .0240 80.0 .210 .484 4.37 9.55 9.42 5.57 .626 1. 059 
36 1. 004 .0240 80.0 .210 .484 3.45 5.18 6.37 5.41 .709 .835 
37 .879 .0280 80.0 .210 .659 3.88 13.30 15.26 12.53 .655 .798 
38 .841 .0280 80.0 .210 .659 4.17 7.75 9.34 4.05 .535 1. 232 
39 .910 .0200 80.0 .210 .336 3.91 13.88 15.80 12.64 .615 .769 

